INTRODUCTION
Low birth weight (LBW), defined as birth weight less than 2,500 g and as small for gestational age, is a manifestation of intrauterine growth restriction, and it is a predictor of morbidity and mortality in the first year of life. LBW may be caused by changes to placental blood flow, weight gain deficit during pregnancy and active and passive smoking involving pregnant women. 1 In addition to these factors, the mother's exposure to air pollutants has also been identified as associated with LBW. The pollutants that have been associated with this outcome include particulate matter, 2-4 sulfur dioxide, [5] [6] [7] carbon monoxide, 3, 4, 8 nitrogen dioxide 3 and ozone. 4, 6 Fetuses, in particular, are considered highly susceptible to a variety of pollutants because of their physiological immaturity.
Moreover, patterns of exposure occurring in certain windows that are sensitive periods for development because of higher rates of both cell proliferations and metabolic changes may increase fetal susceptibility. 9 Regarding these windows, it seems that the effect of exposure to air pollutants may be greatest during the last trimester of pregnancy. This effect would be similar to that of active or passive maternal smoking, i.e. it would influence birth weight. The explanation for this is that fetal weight gain is very sharp from the 28 th week of pregnancy onwards and involves release of hormones such as corticotrophin-releasing hormone (CRH) and placental adrenocorticotropic hormone (ACTH). 10, 11 Gender differences have been identified, such as higher birth weight among males, greater lung maturity among females and increased risk of neonatal and child mortality and increased risk of preterm birth among males. 12 Similarly, studies have been developed in an attempt to identify differences in the responses of males and females regarding the association between maternal exposure to air pollutants and low birth weight. Some studies has shown that males are more affected, while others have shown that females are more affected and yet others have not shown any association with the sex of the newborn.
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OBJECTIVE
The objective of this study was to identify possible differences in birth weight, according to sex, associated with maternal exposure to air pollutants in São José do Rio Preto (SP).
METHODS
This was a longitudinal study on live birth data carried out in São José do Rio Preto, covering the period from January Next, we analyzed the proximal variables, which consisted of the pollutant concentrations categorized as non-risk. If the concentration was in first quartile, it was considered to be a reference, while the other quartiles made up the at-risk group. The distal variables with P < 0.05 were kept at this level, as described above.
The analyses were performed considering both sexes and then only with males and, separately, only with females. These analyses were performed with pollutants categorized into quartiles and adjusted in accordance with the distal and intermediate level variables.
The statistical analysis was performed using the Statistical Package for the Social Sciences (SPSS), version 17. The significance level used was alpha = 5%.
This study was conducted using data available in a public access database without the possibility of identifying the subject. Thus, it was not submitted to a research ethics committee for approval. The odds ratio (ORs) and respective 95% confidence intervals (95% CIs) of the independent variables according to low birth weight and normal weight among the newborns are shown in Table 1 . It was found that there was a significantly higher chance of low birth weight among female newborns (OR = 1.39) and among the newborns of mothers without a partner (OR = 1.28), mothers who made fewer prenatal care visits (OR = 2.45), mothers whose educational level was lower (OR = 1.59) and mothers who were under the age of 20 years and over the age of 34 years (OR = 1.29).
RESULTS
The
The distribution of mean pollutant levels according to 30, 60 and 90-day windows before the newborns' delivery is shown in Following this, the variables of the proximal level were introduced, i.e. pollutant concentrations in the 30, 60 and 90-day windows prior to the newborns' delivery, in two classes: at-risk and non-risk. The pollutants were included in the analysis one by one according to the 30, 60 and 90-day windows. Multi-pollutant analyses were carried out on the pollutants that showed P < 0.10 in the previous step and these variables were retained if P < 0.05, after adjustment for the possible variables of the same proximal level and those of the distal and intermediate levels.
The ORs according to exposure to pollutants, for both sexes, are shown in Table 3 . Exposure to ozone was associated with low birth weight in the 30 and 90-day windows before the newborns' delivery and exposure to particulate matter was shown, paradoxically, to be protective against exposure to low birth weight in the 90-day window prior to the newborns' delivery. Ozone exposure was associated with the 30-day window (OR = 1.39; 95% CI: 1.05 to 1.85) and with the 90-day window (OR = 1.49; 95% CI; 1.10 to 2.00); exposure to PM10 showed a protective effect in the 90-day window (OR = 0.69; 95% CI: 0.54 to 0.88). No association was found for the 60-day window, or in relation to NO 2 exposure. In this step, the analysis was not adjusted for the variables of the previous levels.
Next, the ozone and particulate matter concentrations were adjusted for maternal educational level, marital status and number of consultations, for both sexes and separately for males and for females. It could be seen that there was no significant association for males in any exposure window. For both sexes, there were significant associations between exposure to ozone and LBW in the 30-day window and 90-day window. Significant exposures for females occurred in the 30-day window and the 90-day window. Maternal exposure to PM10 had a paradoxical protective effect when the analysis did not consider gender distinction ( Table 4 ).
In the 30-day windows, without distinction between the sexes, maternal exposure to ozone increased the risk of low birth weight from 6.6% to 8.8%; regarding females, the risk increased from 8.2% to 12.3%. Table 5 shows the odds ratios obtained from multipollutant analysis on maternal exposure and LBW. For both sexes and for female newborns, exposure to PM10 had a paradoxical protective effect; on the other hand, maternal exposure to ozone had a significant correlation for female newborns in 90 days window and for both sexes. In this window, maternal exposure to ozone increased the risk of low birth weight from 7.7% to 11.0% without distinction between the sexes; for females, the risk increased from 10.0% to 15.1%.
DISCUSSION
This was, to the best of our knowledge, the first Brazilian study on the effect of maternal exposure to air pollution during pregnancy and low birth weight, categorized according to the newborns' sex.
Maternal exposure to ozone in the 30 and 90-day windows prior to birth was seen to be associated with low birth weight, and this association was only with female newborns.
The prevalence of low birth weight in this study was 3.4%, which was lower than the prevalences found for Brazil (8.3%) and the state of São Paulo (9.2%) over this period. However, it is necessary to consider the exclusion factors that must have contributed to these results. 16 The newborns with low birth weight in this study were significantly associated with lower and higher maternal ages 20 Medeiros and Gouveia 3 identified an association between exposure to CO, PM10 and NO 2 in the first trimester of pregnancy and placental development and increased blood viscosity, due to an inflammatory response or the action of polycyclic aromatic hydrocarbons. 23 Compared with our findings, the average concentrations found in Canada were lower than those found in São José do Rio Preto.
In the present study, without adjustment for other variables and without stratifying according to sex, ozone exposure was significant when it occurred in the 30 and 90-day windows before the newborns' delivery. The chance of LBW was more evident with concentrations greater than 53 μg/m 3 . Exposure to ozone was shown to be a significant risk factor in the study by Salam et al., 4 with OR = 1.41, and in São José dos Campos (OR = 1.26). 6 However, there was no association in other studies. 8, 19 In São José do Rio Preto, an association with ozone exposure was identified only among females.
We also observed that maternal exposure to PM10 showed paradoxical behavior over the 90-day period before birth, in that this exposure was reflected as a protective factor, with OR = 0.72
for both sexes and also for females. These values diverge from those found in other studies, 3, 4, 6 even with similar concentrations.
Our study considered homogeneous concentrations quantified at fixed monitoring stations. However, the distance from homes to roads with heavy traffic, distance-weighted traffic density (DWTD) and land use regression levels of particulate matter (LUR-PM10)
were not considered as in the study by Habermann and Gouveia. 24 These authors found that LBW was associated with DWTD and LUR-PM10 in the highest quartiles of exposure, with a significant linear trend of decrease in risk. We found that high maternal socioeconomic status, as assessed through higher educational level, had a protective effect against low birth weight. On the other hand, living in areas of higher vehicular traffic might not in fact give rise to greater expose to air pollution and the protection against LBW arising from better socioeconomic status might also be stronger than the effect of exposure to air pollution. This exposure may not have been sufficient to increase the risk of LBW for these mothers.
Regarding particulate matter constituents, Basu et al. 25 found that the largest reductions in birth weight were associated with exposure to vanadium, sulfur, sulfate, iron, elemental carbon, titanium, manganese, bromine, ammonium, zinc and copper, which were present as particulate matter constituents and were associated with increased risk of term LBW. In the stratified analysis according to sex, there were no differences.
No association between exposure to NO 2 and LBW was found in our study. Our findings are consistent with those of some other studies, [1] [2] [3] In a study conducted in Poland, a larger LBW effect was found among male newborns, but the pollutant analyzed was PM2.5.
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An association with exposure to ozone in the third trimester was identified by Ha et al. in Seoul (OR = 1.09; 95% CI: 1.04 to 1.14) when analyzed separately, but without any statistical significance in relation to other pollutants. 27 The mechanisms that can lead to LBW because of ozone exposure are still unclear. In animals, particularly in pregnant rats, this effect can be modulated by inflammatory mediators, which make these animals more susceptible to acute lung inflammation because of impairment of the respiratory epithelial lining fluid.
Since pregnant women have higher alveolar ventilation than nonpregnant women, the exposure level during pregnancy is likely to be higher, and similar inflammatory responses could be more pronounced in pregnant women. Moreover, inflammation due to ozone can result in release of products such as those associated with lipid peroxidation and circulating inflammatory cytokines.
This may impair circulation and placental function and affect fetal growth. 4 In healthy human volunteers exposed to ozone, effects were observed on biological markers, such as increased peripheral neutrophil levels and decreased ascorbic acid levels, upon exposure to 200 ppb (approximately 400 μg/m 3 ) of ozone for two hours.
In an extensive review, Ghosh et al. stated that there was strong evidence that females were at higher risk of LBW with adjusted odds ratios ranging from 1.07 to 1.62. In addition, there was some evidence to suggest that the effects of air pollution on LBW may be differential according to sex. However, they did not cite any possible mechanisms. 12 Our study may have some limitations, such as: the concentrations of pollutants were taken to be homogeneous throughout the city and it was assumed that pregnant women were exposed to these concentrations in a similar way; no information was obtained on Despite these limitations, the strength of this study is that, while pointing out the risks of exposure to air pollutants in the genesis of low birth weight, it identifies female newborns as more susceptible to impairment of birth weight, because of maternal exposure to ozone. This analysis suggests that in studies on the exposure of pregnant women to air pollutants, from which the outcome is low birth weight, it is necessary to separate the analysis between male and female newborns. Measures to reduce the concentration of pollutants in the air, particularly ozone, may reduce the prevalence of infants with low birth weight, thus reducing the risk of neonatal and infant mortality.
CONCLUSION
Female newborns showed greater susceptibility to maternal exposure to air pollutants. Studies on low birth weight in relation to maternal exposure to air pollutants should deal with males and females separately.
